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ABSTRACT

CORRELATION OF CONDYLAR ANGULATION

TO OCCLUSION,FACIAL TYPE,
AGE,AND SEX

by
Perry A. Stevenson

The purpose of this study was to determine the correlation
between the condylar angulation and the following variables:
occlusion, facial type, depth of cut, overbite, overjet, interincisal
angle, age, and sex.

Pretreatment lateral cephalograms, submental

vertex radiographs and study models were obtained for 114 patients
(66 females, 48 males) with a mean age of 16 who were considered
to have normal, asymptomatic temporomandibular joints.

The

results indicated that no significant correlation existed between the
condylar angulation and the variables measured.

Therefore, there is

no method of predicting the condylar angulation by occlusion
characteristics, facial type, age, or sex.
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INTRODUCTION

Accurate radiographic visualization of the mandibular condyle
is of upmost importance in the evaluation of its anatomic form and
relationship with other components of the temporomandibular joint
(TMJ). Many authors stress the need of a radiographic examination
of the TMJ as an essential factor in the evaluation, differential

diagnosis, and treatment of temporomandibular dysfunctions,
pathoses, and injuries.^-^8
Location of the TMJ at the base of the skull and its close

proximity to dense bony structures make clear and accurate
radiographs difficult to obtain.

The large amount of bony

structure that must be penetrated by x-ray produces scatter

radiation creating a fogging effect on the film.^5,i7,i8
Superimposition of the dense petrous portion of the temporal bone
on the TMJ radiograph produces shadows that are to be avoided for

adequate interpretation.L2,17,18.20-22
More clear and precise radiographs were achieved with the

advent of tomography.1'12,14,21

fhe tomographic technique allowed

the imaging of a predetermined layer or plane while adjacent planes
were blurred from view.

Superimpositions of unwanted osseous

structures were alleviated from the TMJ radiograph and more

accurate radiographic interpretation ensued.

21

The central ray must pass through the long axis of the condylar
head to achieve a true profile of the condyle's position in the glenoid

fossa.6.17,23,24

The morphological variation of the condyle, therefore.

required special consideration. Investigators studied the use of the
submental vertex (SMV) radiograph to measure the angle of the head

of the condyle.bi6,17.21,25-27

This measurement determines the

proper position of the patient's head allowing the central ray to pass

through the long condylar axis. Tomograms that utilize the condylar
angulation in this radiographic technique are termed "corrected"
tomograms.

Investigations have shown a wide range of values for the

condylar axial angulation among individuals.^17,26,28-33 in order to
avoid the additional radiation from a SMV radiograph, a standard

angle has been used to accomodate the axial angulation. This
standard angle has varied from 10 to 22 degrees.

The objective of this study was to determine the relationship
between the condylar axial angulation and the type of occlusion,

facial type, age, and sex. Other factors analyzed with respect to their
relation to the condylar angulation included overbite, overjet,
interincisal angle, and depth of cut.

LITERATURE REVIEW

Pacini34.35 introduced cephalometric roentgenography for

comparative anthropological studies of the skull.

Nine years later,

Broadbent^^ reported on the studies of his cephalometric techniques
used to record and measure changes of the jaw in relation to the rest

of the head.

Unfortunately, this lateral image obscured the TMJ that

did not permit accurate visualization of the condyle's position in the
fossa.20.30

Since the late 1920s it became apparent that satisfactory

roentgenographic studies of the temporomandibular joint were
lacking.3

Having addressed the New York Society of Orthodontists in

1934, Rogers^i stated that "radiographs of the temporomandibular
articulation must certainly now become one of the routine practices

in your office."

However, the problem of blurred and inaccurate

representation of the condyle position remained.

Lindblom^

emphasized that "it is therefore a somewhat pressing consideration
to obtain a method of registration and diagnosis for the
determination of these condyle positions."
Many techniques have been introduced and investigated in an

effort to produce quality TMJ radiographs.

Transcranial or

conventional radiography,3.6,13,15,19,22,37 arthrography,38-40
tomography or laminagraphy,8.14,20,21,41-46 pantomography,42-50
computed tomography,28.51-53 and magnetic resonance imaging64 are
among the major techniques available.

Tomography produced the most accurate and reliable lateral
image of the mandibular condyle than the

conventional^.?.12,21,32,33,55 or pantomographic^^ techniques.
Comparing conventional and tomographic techniques to histological

specimens,

Eckerdal and Lundberg55 stated that "the tomographic

images agreed well with the true morphology" and that "a
radiographic examination of the temporomandibular joints should
not be made routine using the conventional techniques."

Numerous

clinicians have given up conventional methods for the superior

quality and consistent results obtained by tomography.12
The principles of tomography were first described by Bocage56
in a French patent application in 1922 and he referred to this

technique as "planigraphy."

Four months later. Fortes and Chausse^?

described a similar method and suggested its use in deep roentgen

therapy.

Ziedes des Plantes^^ and Kieffer^^ both claim to have

independently discovered body-section radiographic principles
without previous knowledge of the works accomplished by Bocage or
Fortes and Chausse.

Vallebona59 in 1930 was the first to apply this method to
practical medical purposes and termed the radiographs "stratigrams."

Bartelink^o in 1931 reported his results in Amsterdam and
Grossmann^i in 1935 presented his planigraphic method and named
his apparatus the "tomograph."

Fetrilli and GurleyS were the first to

apply the tomographic principles for radiographing the TMJ.

A more detailed history of tomography can be found in the
writings of Andrews,

Kieffer,^^ and Rosenberg,2i from which most

of the given review was taken.

The fundamental principle of tomography is that the film and
x-ray tube move simultaneously and in opposite directions, which
pivot about an axis that lies in the selected plane or section to be

radiographed.

The shadows of all other planes are displaced and

blurred, with the degree of blurring dependent on their distance
from the desired plane.^^

The type of motion can be linear, circular,

or polydirectional (hypocycloidal) with the most precise radiograph

being obtained by the polydirectional motion.43.62
The close proximity of the TMJ to dense osseous structures at
the base of the skull has created unwanted superimpositions on the

TMJ radiograph, specifically the dense petrous portion of the
temporal bone.

Tomography has eliminated this superimposition to a

great extent.
Another anatomic consideration that must be addressed is the

normal dorsal angulation (condylar axial angulation) of the condylar
head.

In order to direct the x-ray beam through the lateral and

medial poles of the condyle, the condyle's angulation to the

midsagittal plane is a necessary measurement.

Bussard et al.^i

reported that only 1.5 percent of the mandibular condyles studied

formed right angles to the midsagittal plane of the skull.

Maves24

advocated the use of a radiograph of the skull to determine the exact

axial angle.

Williamson and Wilson^^ developed an analysis of the

SMV radiograph that accurately measures the condyle's axial
angulation.

Rozencweig and Martin^2 using tomography and Weinberg22
using transcranial methods stated that a change of only five degrees
in the central ray's angulation will effectively alter the form of the
condyle, spatial relationships of the TMJ, and the position of the
temporal bone.

Therefore, accurate measurement of the condylar

angulation is necessary for proper positioning of the central ray
(correcting the tomograph) to obtain a true representation of the
condyle's position.12,16
Variations of the condylar angulation have been reported by

numerous investigators.

Yale et al.33 measured the condylar angle on

25 skulls and found the range to be 3 to 25 degrees with an average

of 13.5 degrees.

Eight years later, having assessed 2,945 mandibular

condyles, Yale32 reported an even wider range for the condylar angle
of these skulls. In studying 112 vital subjects, a mean of 24 degrees

with a range of 0 to 40 degrees was reported by Taylor et al.^o
Williamson and Wilson^^ measured the condylar angulation on

50 adults and 26 dry skulls and found the range and mean of the
vital subjects to be 0 to 48 degrees and 24.6 degrees, respectively.
The dry skulls showed a range of -7 to 30 degrees with a mean of
14.6 degrees.

More recently, Beckwith et al.^ examined 51 adults who had
unusually high and low condylar angulations and found a mean value
of 24.1 degrees and 24.5 degrees for the right and left condyles

respectively. From a collection of 721 skulls with stable occlusion, an
overall mean value of 21.2 degrees was reported by Preti.26 Out of
100 patients from the TMJ clinic of the University of California at San

Fransisco, Goldman and Taylor29 found different mean values for
men and women with a combined average of 21.7 degrees.

Lastly, Christiansen et al.28 studied the morphology of the
normal TMJ by the use of computed tomography.

Seventeen adult

patients were examined to determine the absence of TMJ

symptomatology including pain, clicking, or locking.

Their results

demonstrated a mean value of 23.9 degrees for the condylar
angulation with a standard deviation of 6.6 degrees.

Another sample

of normal temporomandibular joints revealed a slightly higher mean
of 25.4 degrees.
As the aforementioned research indicates, a wide variation

exists in the condylar angulation.

The SMV radiograph has been the

key to its accurate measurement.

This radiograph has allowed the

practitioner to measure the angulation that is unique for each
patient.
Some investigators have used a standard angle to correct the

radiograph to preclude the SMV analysis.

Stanson and Baker^^

reported using 10 to 15 degrees to accomodate the condylar
angulation for all their patients.

A 22-degree angulation of the x-

rays on the horizontal plane was used by Mongini.7

Still others have

used a standard head rotation of 20 degrees for condylar axis
correction.9.63-65

Thus far, there is a lack of research investigating the

relationship of the condylar angulation to the type of malocclusion
and facial type. In their study of 50 patients, Williamson and
Wilsoni7 found no significance in the condylar angulation between
Class I and Class II malocclusions, but unfortunately, their sample
size of 44 Class I and 6 Class II patients appears inadequate to make

valid statistical comparisons. Tadej et al.^^ reported no significant
relationship between the condylar angulation and their sample of
Class I, II, and III patients. Once again, an unbalanced sample size of
malocclusion types was used in the study.

Studies were performed by Ricketts^o using laminagraphy on
vital subjects and Solberg et al.67 using laminogrpahy on autopsy
specimens to determine a relationship between TMJ morphology and
malocclusion variables.

Ricketts

showed a variation in joint

morphology among normal occlusion. Class II and Class III
malocclusions.

Solberg et al. concluded that malocclusion was

associated with morphologic changes in the TMJ. Unfortunately, a
relationship of malocclusion or facial type with the morphologic
characteristic of the condylar angulation was not a part of either
investigation.

Therefore, this study of correlating the condylar angulation to
occlusion, facial type, age, sex, and other relating variables was
instigated.

METHODS AND MATERIALS

Submental vertex pretreatment radiographs were obtained
from the offices of Drs. James R. Wise, Virgil Heinrich, Bruce Heinrich,

and from the Department of Orthodontics, Loma Linda University
School of Dentistry.

The corresponding pretreatment lateral

cephalometric head films and study models were retrieved from the
patients' records.

All measurements and radiographic tracings were

completed by the Redlands Radiographic Center (Redlands,
California), except for those of overbite, overjet, and malocclusion
that were measured by the investigator.

All radiographs were taken

with a Quint Sectograph (Los Angeles, California). Those from Loma
Linda University were made in the Section of Oral Radiology,
whereas the others were made at the Redlands Radiographic Center.

Records used for this study were of patients who, according to

the health history and the doctor's notes from the initial exam, had

no previous orthodontic treatment, no TMJ symptoms necessitating
treatment of the joint, and had not received treatment for previous
TMJ problems.

Radiographic measurements were taken from the

SMV radiograph and lateral cephalogram.

Measurements of the

malocclusion were taken from each patient's study models.

The following information was collected; age, sex, condylar

angulation of each side, depth of cut of each side, malocclusion, facial
type, facial axis, facial depth, mandibular plane angle, lower face
height, total face height, interincisal angle, overbite, and overjet.

The condylar angulation (ANGR, ANGL) and depth of cut (CUTR,
CUTL) for the right and left condyles were obtained from the SMV
radiographs which were traced using a variation of the analysis
described by Williamson and Wilson.

A transporionic line was

drawn connecting the machine porion markers in the ear pieces.

A

constructed midsagittal line was drawn perpendicular to the

midpoint of the transporionic line.

The condylar head was outlined

with the center, lateral, and medial points marked. The long axis of
the condyle was drawn connecting the lateral and medial aspect to
the transporionic line and the condylar angle was the angle formed
by the long axis and the transporionic lines. The depth of cut was a
measure of the distance from the center point of the condyle to the
intersection of the constructed midsagittal and transporionic lines

with a ten percent magnification being substracted (Figure 1).

Midsagittal Plane
Depth of Cut
Measurement

Transporionic
Line

Fig. 1. Submental vertex

Condylar
Angulation

analysis

Measurements of the malocclusion were taken from the study

models at both the first molar and cuspid regions for the right and

left sides separately (MOLR, MOLL, CUSPR, CUSPL). The molar
malocclusion was determined by measuring the distance from the

mesio-buccal cusp tip of the maxillary first molar to the buccal
groove of the mandibular first molar.

A measurement was positive

when the mesio-buccal cusp tip was mesial to the buccal groove, and

considered negative when the cusp tip was distal to the buccal
groove.

The cuspid malocclusion was determined in the same

manner by measuring the distance of the maxillary cuspid tip to the
contact point of the mandibular cuspid and first bicuspid.

A positive

number indicated the maxillary cuspid tip was mesial to the

mandibular contact point and a negative number indicated the
maxillary cuspid tip was distal to the mandibular contact point.

The

upper cuspid was measured to the distal contact area of the lower
cuspid in the event of spaces between the lower cuspid and first
bicuspid.

The measurements were made using a Helios dial caliper

calibrated in tenths of millimeters and estimated to the humdredths
of millimeters.

First bicuspids were used in place of the cuspids in situations
where the cuspids were not yet erupted or ectopically erupted.

Data

were not collected when a fixed prosthesis replaced the cuspid or
molar, or in circumstances of permanently missing teeth in which the
adjacent teeth moved into the edentulous region.

An attempt was made to obtain equal sample sizes for each
malocclusion classification of Class I, Class II, and Class III.

When a

sufficient sample size of 35 to 40 was reached for a particular

malocclusion group, then data were only collected for the remaining
groups. Due to an insufficient number of Class III malocclusions
from the records of Drs. Wise, V. Heinrich, and B. Heinrich, records

were taken from the Department of Orthodontics in order to obtain
more observations for this malocclusion.

All lateral head films were traced using the Ricketts analysis.
The angular measurements of facial axis (FA), facial depth (FD),
mandibular plane angle (MDPL), lower face height (LFH), total face
height (TFH), and interincisal angle (INCANG) were determined from
this analysis (Figure 2).

The facial type (FT) for each patient was determined using the

Ricketts method as described by Grabow^^i in his comparative study
of facial typing methods (Masters Thesis, Loma Linda University,
1989). A brief description of this method is given. The following
five measurements were used to derive a number to express the
facial type (norm given for age 9).
1.

90° ±3° No change with age

Number < normal is

87° ±3° Increases

l/3°/yr

Number < normal is -

Md Plane Angle 26° ± 4° Decreases

l/3°/yr

Number < normal is +

Facial Axis

2. Facial Depth

3.

4. Lower face Ht

47° ±4° No change with age

Number < normal is +

5. Total face Ht

60° ± 3° No change with age

Number < normal is +

The number of standard deviations from the norm according to the

patient's age was determined for each of the preceding five
measurements (females growth considered to cease at age 14, males
at age 18). The measurement of TFH was given two times the
importance than the other four measurements; therefore, its number
of standard deviations was multiplied by two.

The number of

standard deviations were summed and divided by five, remembering
to take into consideration whether the deviation from normal was a

positive or negative number.

A number greater than or equal to +1

was considered brachyfacial; a number less than or equal to -1 was
defined as dolichofacial.

Numbers between -1 and +1 were

disignated as mesofacial.

Fig. 2. Measurements taken from Ricketts analysis. l=Facial Axis,
2=Facial Depth, 3=Mandibular Plane Angle, 4=Lower Face Height,
5=Total Face Height.

Overbite (OB) and overjet (OJ) were measured directly from the

lateral cephalometric tracing.

A line perpendicular to the occlusal

plane was drawn through the incisal edge of both the maxillary and
mandibular incisors.

Another line was drawn through each incisal

edge parallel to the occlusal plane and perpendicular to the previous
line drawn.

Overbite measures the vertical overlap and overjet

measures the horizontal overlap of the incisal edges of the maxillary
and mandibular incisors.

dial caliper.

Measurements were made using the Helios

A negative overjet was defined as an anterior crossbite

and a negative overbite as an open bite (Figure 3).

Occlusal Plane

$ Overbite

Oveijet

Fig. 3. Overbite and overjet measurement.

The arithmetic mean and standard deviation were calculated

for each variable.

To determine a correlation between the condylar

angulation and the measured variables, a Pearson's correlation
coefficient was calculated, supplemented with the independent t-test.
The statistical analysis was performned at the Department of
Biostatistics, Loma Linda University, Loma Linda, California. To test
the reliability and reproducibility of the condylar angulation, depth

of cut, and malocclusion measurements, a coefficient of variation (CV)

was determined.

A test for reproducibility of the cephalometric

measurements was not performed because a similar test had shown

no significant error was found for repeated registrations.^^

RESULTS

The sample consisted of 114 people, 66 females and 48 males,
ranging in ages from 10 to 39 years with a mean age of 16. Out of
the total sample, 102 were Caucasian, seven Hispanic, two Black, two
Oriental, and one Pacific Islander.

The means, standard deviations, and range for all the
radiographic variables and malocclusion measurements of the total

sample are shown in Table I.

Frequency tables of the sample

revealing the spread of molar and cuspid measurements of
malocclusion are shown in Figures 4 and 5.
The frequency of values for the facial type indicator is shown
in Figure 6. The suggested divisions for the dolichofacial, mesofacial,
and brachyfacial facial types are indicated.

There are 17 that were

considered dolichofacial, 49 mesofacial, and 48 brachyfacial.
The Pearson's correlation analysis was used to determine if a
relationship might exist between the malocclusion and the condylar
angulation.

The regression was analyzed separately for the molar

and cuspid malocclusions on each side.

No significant correlation was

found between malocclusion and the condylar angulation (Table II).

The same correlation analysis was used to demonstrate the

possible relationship between overbite, overjet, interincisal angle,
age, depth of cut, and facial type with the condylar angulation. Table
III shows that no significant correlation was found with these

17

Table I. Descriptive statistics of variables. ANGR=condylar
angulation-right, ANGL=condylar angulation-left, CUTR=depth of cut
right, CUTL=depth of cut-left, MOLR=molar malocclusion-right,
MOLL=molar malocclusion-left, CUSPR=cuspid malocclusion-right,
CUSPL=cuspid malocclusion-left, FA=facial axis, FD=facial depth,
TFH=total face height, LFH=lower face height, MDPL=mandibular
plane, OB=overbite, OJ=overjet, INCANG=interincisal angle,
SD=standard

deviation.

Variabl

Uni

ANGR

deg

22.5

5.53

9.0

40.0

ANGL

deg

23.8

5.47

10.0

36.0

CLTIR

cm

4.7

0.33

4.0

5.6

CUTL

cm

4.6

0.32

3.9

5.5

MOLR

m m

1.1

2.96

-6.7

6.2

MOLL

m m

0.8

2.82

-6.4

7.2

CUSPR

m m

2.6

2.84

-3.6

9.7

CUSPL

m m

2.4

2.67

-4.4

9.0

FA

deg

90.5

4.66

79.5

102.0

FD

deg

90.9

3.76

83.0

99.5

TFH

deg

58.6

5.87

45.0

75.0

LFH

deg

45.0

4.74

36.0

58.0

MDPL

deg

21.1

5.78

5.0

36.0

CB

m m

3.4

2.55

-4.0

13.0

CJ

m m

4.3

2.95

-6.5

13.2

INCANG

deg

125.2

13.29

93.5

171.0

Mean

SD

Minimum

Maximum

MOUR
MOLL

<-6<-5<-4<-3<-2<-1 <0 <1 <2 <3 <4 <5 <6 <7

MOLAR MALOCCLUSION(mm)

Fig. 4. Frequency of molar malocclusion. The value of the
measurement is presented with a "less than" (<) symbol. For
example, a value given as <4 signifies all those measurements that
were between 3 and 4, including 3 and excluding 4. MOLR=molarright side, MOLL=molar-left side.

CUSPR
CUSPL

<-4<-3<-2<-1<0 <1 <2 <3 <4 <5 <6 <7 <8 <9<10

CUSPID MALOCCLUSION(mm)

Fig. 5. Frequency of cuspid malocclusion. The value of the
measurement is presented with a "less than" (<) symbol. For
example, a value given as <4 signifies all those measurements that
were between 3 and 4, including 3 and excluding 4.
CUSPR=cuspid-right side, CUSPL=cuspid-left side.

<-3.0 <-2.0 <-1.0 <0.0 <1.0 <2.0 <3.0 <4.0 <5.0 <6.0 <7.0

Facial Type Indicator

Fig. 6. Frequency of facial type indicator. The value of the
measurement is presented with a "less than" (<) symbol. For
example, a value given as <4 signifies all those measurements that
were between 3 and 4, including 3 and excluding 4.
D=dolichofacial, M=mesofacial, B=brachyfacial.
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Table II. Correlation coefficient (r) between the given variables
and the condylar angulation for the right (ANGR) and left (ANGL)
sides; and the mean angulation (MEANANG) of both sides.
Variable

ANGR

ANGL

MEANANG

MOLR

09

.08

.09

MOLL

08

.12

.11

CUSPR

.11

06

.09

CUSPL

.15

.15

.16

CB

.03

-.04

-.01

QJ

.06

.07

.07

INCANG

.06

07

-.07

AGE

.08

-.02

.03

CUTR

-.03

.05

.01

CUTL

-.10

-.03

.07

FT

-.01

-.10

.06

Table III. Mean condylar angulation of the right side (ANGR), left
side (ANGL), and the mean angulation (MEANANG) for males and
females.
SEX

ANGR

ANGL

MEANANG

Males

22.7 + .7

24.6 ± .7

23.6 ± .7

Females

22.4 ± .7

23.2 + .7

22.8 ± .7

variables.

There was no difference of the condylar angulation

between males and females (see Table III),

The operator's error for tracing and measuring the condylar
angulation, depth of cut, and malocclusion was performed.

The mean

coefficient of variation (CV = SD/Mean) for the condylar angulation,

depth of cut, and malocclusion was 0.08, 0.02, and 0.31, respectively
(see Table IV).

Table IV. Tracing and meaurement error for the condylar
angulation, depth of cut, and malocclusion. CV=coefficient of
variation, ANG=condylar angulation, CUT=depth of cut,
MAL=malocclusion.
VARIABLE

MEAN CV

ANG

0.08

CUT

0.02

MAL

0.31

Therefore, this study demonstrated that no significant
correlation existed between the condylar angulation taken from the

SMV radiograph and the malocclusion measured from either the
molar or cuspid. No significant correlation was shown to occur
between the condylar angulation and age, depth of cut, interincisal

angle, overbite, overjet, or facial type. Lastly, there was no

significant difference found between the condylar angulation of
males and females.

DISCUSSION

This study evaluated the correlation between the condylar

angulation of normal temporomandibular (TM) joints and selected
variables of malocclusion.

An analysis also was performed to

determine if a relationship existed between the facial type of the

subject, the depth of cut (measured from the SMV), age, sex, and the
condylar axial angulation.

An attempt was made to rule out any biases or subjective
judgements on behalf of the investigator in determining the
malocclusion.

Rather than looking entirely at the first molar relation

or the cuspid relation to differentiate the various classes of
malocclusion, a direct measurement was made on the study models

as to the molar and cuspid relation.

The sample's mean values of 22.5° and 23.8° found for the
condylar angulation of the right and left sides respectively, agreed

closely with the works of Taylor et al.^® (mean of 24°), Willamson
and Wilson^i (mean of 24.6°), Beckwith et al.^ (mean of 24.1° and

24.5° for the right and left sides respectively), Goldman and Taylor^^
(mean of 21.7°), Preti^^ (mean of 21.2°), and Christiansen et al.^^
(means of 23.9° and 25.4°).

The results of this investigation indicated that a significant
correlation did not exist between the condylar angulation and the
malocclusion as measured at the molar or cuspid regions (see Table

II). This agrees with the conclusions of Williamson and Wilson^^ and
Tadej66 that there is no significant relationship between the condylar

angulation and the malocclusion.

Overbite, overjet, interincisal angle,

and depth of cut also did not significantly correlate with the condylar
angulation.

Studies have reported that malocclusion has some effects on
the TMJ complex. These effects included changes on the articular
surface of the condyle, steepness of the eminence, and conflicting

reports on the position the condyle occupies within the glenoid fossa.
One study stated that Class II malocclusions. Class III
malocclusions, abnormal overbite, and abnormal overjet were

significantly associated with varied morphologic changes in the
TMJ.67

This morphologic change was defined as a deviation from the

normal rounded contour of the articular surface of the temporal and
condylar components.

Ricketts20.46 reported on the wide variation of the condyle's
location in the glenoid fossa from rest postion to the occluded

position. The height of the eminence in Class III malocclusions was
found to be steeper and in a more superior position than the controls.

Gianelly, Petras, and Boffa^s concluded that the condyles of
click-free persons with Class II molar relationships, deep bites, no
overjets, and upright incisors were positioned concentrically in the
fossae.

They found no significant correlation between bite depth and

condylar position.

The present study adds to these conclusions that the
malocclusion did not affect the angle of the condyle. It would seem,
therefore, that although morphological changes may occur in the TMJ,

the condylar angulation does not significantly relate with the
malocclusion.

Condylar angulation was found to be unrelated to age and sex,

which agrees with the findings of Tadej,66 and Blaschke and Chase.64
Yale32 found in his study of condylar shapes from dry specimens that

the superior surface of the condyle flattened with an increase in age,
but no mention was made of changes in the angulation. The only

condylar morphology that significantly changes with age was

condylar width according to Tadej.66 Due to the young age of his
sample, the increase of the condylar width with age was probably
from continued growth of the condyle.

No significant correlation was found between the facial type of
the subject and the condylar angulation. These conclusions are in
accordance with Tadej's^^ findings. Although the sample size in the
dolichofacial group was approximately one-half of the other two

groups, a sufficient number was present to conclude that, for this

sample, no significant correlation of the condylar angulation and
facial type existed.

Wide variability of the condyle's shape has been well
documented.32.69 Changes in the shape of the condyle is the result of
natural condylar remodeling or adaptation to functional loads and
stresses.5.7.16,70

From this study it was shown that the malocclusion

and certain characteristics of malocclusion did not transmit undo

loads or stresses to the condyle to the extent of affecting the

condylar angulation. Further studies of the long term association of

the malocclusion to the condylar angulation should be done. The

younger age sample of this study may not show the full effect the
malocclusion has on the condyle.
It was also shown that the weak (dolichofacial) or strong

(brachyfacial) muscle pattern of an individual did not relate with the
condylar angulation.

This does not mean the condyle does not

undergo remodeling from the heavy muscular forces that are
characteristic of the brachyfacial person.

Further studies should be

investigated to determine if the vertical angulation the condylar
head makes to the coronal plane is affected by the weak or strong
muscle patterns.

CONCLUSION

This study of determining a relationship of condylar angulation
to occlusion, facial type, age, and sex has demonstrated the following
conclusions:

1.

No significant correlation exists between condylar

angulation and type of malocclusion.

2.

No significant correlation exists between condylar

angulation and facial type.

3.

No significant correlation exists between condylar

angulation, depth of cut, overbite, overjet, interincisal angle, age, and

4.

There is no method of predicting the condylar angulation

from the occlusion characteristics, facial type, age, or sex.

Due to the wide range of values found for the condylar
angulation and the presence of asymmetries, it is the opinion of the
author to take corrected tomograms that is unique to the patient and
not to use an average or standard head position to compensate for
the condylar angulation. It is essential for the evaluation of the TMJ
to have the most clear and accurate radiograph of the joint.

In order

to obtain this image, an accurate measurement of the condylar
angulation obtained from the submental vertex radiograph is
necessary.
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